Anomalies of the number of rostral spines have been recorded in blind lobsters, Polycheles typhlops, caught in Sardinian waters (Central Western Mediterranean). The abnormal specimens, 66 out a total of 789 individuals analysed, showed all the morphometric characteristics of P. typhlops except for the unusual presence of two rostral spines instead of the canonical one. The analysis of partial nucleotide sequences of the mitochondrial cytochrome oxidase subunit I gene (COI) showed that the individuals with two spines were not genetically different from the normal specimens of P. typhlops, while both were quite dissimilar from the other Mediterranean species, P. sculptus. Our results suggest the need of an update of the morphological classification guides for this family combined with a wider genetic study.
INTRODUCTION
Morphological abnormalities frequently occur among Crustacea Decapoda and have been noted in the literature since 1800 (Aguirre and Hendrickx, 2005) . A large number of authors reported abnormalities in the shape of the telson and of the rostrum (De Grave, 1999; Aguirre and Hendrickx, 2005) .
The morphology of the rostrum, such as the dentition or the number of the rostral spines, represents for some taxa an important set of taxonomic characters for the classification of species. However, within families with a complex taxonomy a large number of species show a wide variability that sometimes can lead to mistakes in their identification (Holthius, 1952 , De Grave, 1999 .
According to the last revision performed by Galil (2000) , the family Polychelidae includes five genera (Willemoesia Grote, 1873; Cardus Galil, 2000; Pentacheles Bate, 1878; Homeryon Galil, 2000 and Polycheles Heller, 1862) distinguished by several morphological characters such as rostrum morphology among others (Galil, 2000; Ahyong and Brown, 2002; Ahyong and Chan, 2004; Ahyong and Galil, 2006) . Actually, in the Mediterranean Sea the presence of adult forms of only two species belonging to the genus Polycheles is known: P. typhlops Heller, 1862 and P. sculptus Smith, 1880. These species are mainly distinguished by the number of rostral spines (1 spine for P. typhlos and 2 spines for P. sculptus), as well as the shape of the carinae of the sixth pleomere tergite, the uropodal exopod, the number of the spines of the lateral carinae (Galil, 2000) .
During recent trawl surveys, several specimens with the overall taxonomical features of P. typhlops, except for the unusual presence of two rostral spines, were collected off the Sardinian coasts (central western Mediterranean Sea). A detailed analysis of the main morphological characters of the abnormal specimens, together with the application of molecular techniques, were used to assess their proper identification.
MATERIALS AND METHODS
The specimens were caught during national and international trawl surveys (GRUND, Relini, 1998; MEDITS, Bertrand, 2000) carried out during the years [2005] [2006] , in the seas surrounding Sardinia at a depth from 400 to 800 meters and during experimental hauls performed in the Sardinian Channel at a depth between 800 and 1400 meters.
Morphological Analysis
For each specimen the carapace length (CL), measured along the middleline from the tip of the rostral spines to the posterior margin of the carapace, in millimetres were taken with a slide calliper; total body weight (TW), given in grams, was also registered. The number of rostral spines and the sex were established for each specimen.
Genetic Analysis
Anomalous specimens with two rostral spines (n ¼ 8) along with normal Polycheles typhlops (n ¼ 4) and individuals of Polycheles sculptus (n ¼ 4), both males and females, were subjected to genetic analyses.
Genomic DNA was extracted from fresh or ethanol-preserved muscle tissue with a modified Salting out protocol (Miller et al., 1988) . The DNA extracted was dried and resuspended in sterile water. All samples were analysed through PCR amplification and direct DNA sequencing.
A region of the COI gene was PCR-amplified using the primers described by Folmer et al. (1994) . Each reaction was performed in 25 ll reaction mix containing 1xPCR buffer (20 mM Tris-HCl, pH 8.4; 50mM KCl), 2mM MgCl 2 , 0,2 mM dNTPS, 3pM of each primers, 0.8 unit of Taq polymerase (Invitrogen) and 2 ll diluted (1:20) template DNA. Condition for PCR amplification followed this profile: initial denaturation at 948C for 3 min 35 cycles of 948C for 30 sec, 438C for 35 sec,728C for 1 min, followed by final elongation step at 728C for 3 min. Amplification products were purified by magnetic beads (ChargeSwitchÒ PCR CleanUp Kit, Invitrogen) and directly sequenced using the same PCR primers. The nucleotide polymorphism of a variant haplotype was confirmed by the sequencing of both strands.
RESULTS

Morphological Analysis
The morphological characteristics of 789 specimens (306 males and 483 females) classified as P. typhlops were analysed: 723 specimens appeared normal specimens while 66 (27 males and 39 females) showed abnormalities (Fig. 1) . The abnormal specimens constituted 8.37 % of the total, and the females and males showed similar value of percentage (8.07 % and 8.82 % respectively).
In the normal specimens, all characteristics were similar to that recognised for P. typhlops in literature (Galil, 2000) . In the abnormal specimens, the rostrum showed two asymmetric rostral spines of different lengths (Fig. 1 b, c,  d ), while all the other characteristics are similar to those reported in the literature for P. typhlops (Galil, 2000) .
The analysis of the length-frequency distributions showed a homogeneity and similar tails for abnormal and normal specimens. The CLs of females were 18.0-43.4 mm and 20.8-36.3 mm for abnormal and normal specimens respectively (Fig. 2a) . The range of carapace lengths for males with one-rostral spine and males with two-rostral spines were respectively of 15.1-31.1 mm of CL and 17.4-25.1 mm of CL (Fig. 2b) . In the normal specimens, the range of carapace lengths was slightly wider, possibly in relation to the higher numbers of the specimens analysed. The trend of the frequency of abnormal specimens connected with depth resulted similar to that observed for the normal specimens: the number of the deep lobsters mainly decreased with the increase of the depth (Fig. 2c) .
Analysis of Sequences A 700-bp segment of the mt-COI gene was PCR-amplified. A total of about 650 bp were reconstructed through direct sequencing of amplified DNA. The normal specimens of P. typhlops and six specimens with two rostral spines shared the same COI sequence (GenBank Accession number EU377738); the other two anomalous individuals possessed two slightly different COI haplotypes (GenBank Accession number EU377739 and EU377740), differing from the P. typhlops common haplotype for only 1 transition each, in position 60 and 252 respectively; both are synonym mutations. All the individuals of P. sculptus had identical COI sequences (GenBank Accession number EU377741), differing for 114 fixed differences (76 transitions and 38 transversions, 10 of which are non-synonym substitutions) from the sequences of P. typhlops.
The sequence divergence between the two Mediterranean species was 20.3%, slightly higher than the averaged 17.16% reported by Costa et al., (2007) for congeneric divergences in Decapoda.
DISCUSSION
Variations in rostral dentition and size for several species of crustacean decapods have been reported (Hendrickx et al., 1998; De Grave, 1999) . Malformations have been attributed to either parasitic infection, or reproduction and secondary sexual characters (Aguirre and Hendrickx, 2005) . A few studies indicate that some morphological abnormalities might be the result of wounds that fail to heal, resulting in regeneration of appendages with mirror image symmetry (Shelton et al.,1981; Shelton, 1982) .
In this paper, the occurrence of abnormal individuals of P. typhlops with two rostral spines is reported for the first time. This is an important finding since the number of rostral spines is a key taxonomic character in the discrimination of species of Polychelidae (Galil, 2000) . Molecular genetic techniques chiefly have turned out to be helpful towards clearing up the ambiguous identity of the deep-water lobsters specimens with two rostral spines in that they revealed that all the individuals can be ascribed to P. typhlops, irrespective of the number of rostral spines.
Explanations of this abnormality are not easily forth coming. Anomalous specimens were found in all different sizes and sexes, nor was there any parasitic infections evident since any signs of them were recorded in the analysed specimens. Among the possible explanations, regeneration after wounds could be a plausible cause for the recorded abnormalities. Of course, the role of chance also cannot be ruled out.
Nevertheless, considering the relatively high number of abnormal specimens caught, our results indicate that the occurrence of specimens with two spines is not episodic. This suggests the need to update the morphological classification guides for this genus (Galil, 2000; Ahyong and Chan, 2004) , considering that the number of rostral spines, at least for the Mediterranean species, it is not a discriminating character for the unequivocal identification of species.
DNA sequences have been obtained for the first time for the two Mediterranean Polychelidae and deposited to the GenBank Database (http://www.ncbi.nlm.nih.gov/); the wide application of the fast and reliable molecular genetic techniques to all the species of Polychelidae, both adults and larvae, could permit a greatly improved comprehension of its taxonomy considered, especially at the generic level, which is still very unsettled (Holthuis, 1991) .
